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Degradation of lsoxaben in a wheat culture soil under field 
conditions: Comparative study of an instrumental {HPLC) vs. 
a bioassay method 
Abbau von lsoxaben im Boden unter Freilandbedingungen in Winterweizen: 
Vergleich einer physikalisch-chemischen Methode (HPLC) und eines Biotests 
Von J.-E. Garcia-G.**), W. Pestemer*) and Petra Günther*) 
Abstract 
A trial was carried out in order to follow. the dissipation of 
isoxaben residues in soil samples from a field cultivated with 
winter wheat (Triticum aestivum L.) and to compare the 
determination of these residues by bioassay and chemical 
analysis. 
For the bioassay analysis Brassica rapa L. var. rapifera was 
used as test plant. The response of the plants to unknown field 
soil samples was compared with standard ealibration curves. 
The deteetion limit of the bioassay for isoxaben in soil samples 
was possible over the range of 0.01 µg/ml: 
For chemical analysis, isoxaben residües wete exttacted by 
shakirtg with methanol/water, followed by a liquid/liquid parti­
tion into clichloromethane. The dichloromethane phase was 
evaporatecl to clryness and the resiclues were redissolved in 
methanol for HPLC analysis using a C18 reversed phase eol­
uni.m ancl UV deteetion at 254 nm. The detection limit of the 
method for isoxaben in soil was 0.04 �Lg/ml. 
A good correlation was observed between the resülts 
obtained by bioassay and instrumental analysis. Both methods 
are suitable for determining isoxaben residues in soil samples. 
In aecordance with other stuclies, the soil mobility of iso­
xaben was relatively low and its persistence was moderate to 
long with a DT-50 value ( disappearance time of 50 % ) in soil in 
excess of 6 month. 
Zusammenfassung 
/.ur llcstim111u11l'. des J\hhauvcrhaltcns von lsoxahcn \\urdc ein Frc:i­
landvc:rsuch mit. Winterweizen angelegt, wobei 0,21 Flexidor (100g 
AS/ha) appliziert wurden. Die Bestimmung der Rückstandssituation 
erfolgte durch einen Vergleich vun Ergebnissen einer HPLC- und 
Biotestmethode. Für die Biotest-ivlethode wurde Brassica rnpa L. var. 
rapifcra als Testpflanze verwendet. wobei die Quantifizierung der 
Rückstände aus drn Feldproben durch den Vergleich von \Vachslums­
hc111111u11gen dcT Testpflanzen mit c'illc'r Eichkurve aus den cntsprc­
chendc11 llode11pmhc11 erfolgte. Die· Nachweisgrenze cks Biotests lag 
bei 0,0111/ml. Flir die H PLC-Bcstirrnmrng wurde der Wirkstoff mit 
Methanol/Wasser aus dem Boden c;;trahiert und durch Flüssig-Flüs­
sig-Verteilung in Dichlormethan überführt. Die organische Phase 
wurde evaporiert und der Rückstand in Methanol aufgenommen und 
11 Prescnt adrc' 5: Mi\F Ruakura ,\�1·iculturc Ccntrc. l'l:int Scicncc
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bei 254 nm unter Verwendung einer 'C18 reversed phase column' im HPLC detektiert. Die Nachweisgrenze lag bei 0,04 ftg/ml. Beide 
Nachweismethoden zeigten eine gute Übereinstimmung und sind für 
die Bestimmung von Isoxaben in Bodenproben verwendbar. 
In Übereinstimmung mit Literaturdaten konnte für Isoxaben die 
geringe Versickerungsneigung bestätigt und eine mittlere bis hohe 
Persistenz mit DT-50 Werten von ca. 6 Monaten ermittelt werden. 
lntroduction 
A major eoncern in the use of herbicides is their persistence in 
the en'vironment, which affects their efficiency in controlling 
weeds, carry over effects to following crops and their impact 
on environmental quality (CHENG and LEHMANN, 1985). 
Isoxaben (N-(3-(l-ethyl-1-methylpropyl)-5-isoxazolyl)-2,6-
dimethoxybenzamide) has been evaluated as a soil-acting 
amide herbicide for selective broadleaf weecl eontrol in cereals 
(ADAMCZEWSKI et al., 1988; BANKs et al., 1986; CASANOVA et 
al., 1985; DELEU et al., 1987; DUHAUBOIS, 1985; GuEGUEN, 
1987; HUGGENBERGER et al., 1982; IvENS, 1990; MOLLE and 
KISSING, 1984; NILSSON, 1989; PARKER and WILSON, 1986; 
R1cHARDSON and WEST, 1984, 1986; RoY and THOMAS, 1986 a 
& b; TmEs and W1NKLER, 1986; TmEs et, al., 1984), sunflower 
(BANKS et, al., 1986), strawberries (CLAY, 1986), ornamental 
crops, established turl, nonbearing trees and vines (CoLBERT 
and FoRo, 1987), lupins (KNoTT, 1986), asparagus (BoYo­
STON, 1988), soybean and konjak (NoaucHI, 1989), apple 
(TAKESHITA, 1989), most annual grasses, cotton, jute, mung­
lwan, chickpca, cowpca and groumlnuf (P1\RKFR aml vV11St1N, 
l lJ8h), dwarf !Jean, pca, fcnugrcck, luccrnc and pcrcnnial 
rycgrass (R1cHARDS0N and WEST, 1984), and courgcttcs 
(RosERTS and BoNo, 1986). Isoxaben was not weil tolerated 
by sugarbeet, white mustard, spring rape, spring turnip. red 
clover, lueerne, timothy, peas, white beans, tomato, cress 
(Nn ssoN, 1989), onion, whitc clovcr. rapc, kale, Swcdish 
turnir, carrot, lcttm'c' m bcct (Rw11,\ RI ,soN aml Wi,sr, l '!84). 
Scvcral different mcthods for thc <.ktcnnination of isoxabcn 
residues, its mobility, and behaviour in soils, have been pub­
lishecl, namely chemical assays (CABANNE et al., 1987: DELEU 
et al.. 1987; Fus1 et al., 1989; HuGGENBERGER and RYAN, 
1985: JAMET, 1987; JA:--[ET ancl THOISY-DUR, 1988; THOISY­
D1rR et, al, 1987: W.\LK!1R, 1987). am! bioassay rncthods 
(C()! "''xr and F01<1>, 1987; Hu<aa 1NH111,;i·R and RYM< 1')85: 
N1L,SON, 1989; N 11..ssoN and ARvmssoN, 1989). Howcvcr, 
106 J.-E. GARCIA-G. u. a., Degradation of Isoxaben in a wheat culture soil under field conditions 
Tab. 1. Description of experimental plot and cultivation tcchniques 
Location 
Experimental dcsign 
Rcplicates 
Plot size 
Culture 
Soil preparation 
Sowing datc 
Herbicide application 
Application conditions 
Apparatus 
Nozzle type 
Nozzles spacing 
Nozzle-soil distance 
Spraying pressurc 
Water appl. rate 
Harvest 
Soil characteristics 
Organic C (%) 
Sand(%) 
Silt (%) 
Clay (%) 
pH (0.1 N CaCl2) 
Bulk density (kg/1) 
Braunschweig, Germany 
randomized complete blocks 
4 
2.2 X 4.0 m 
winter wheat in rows 
autumn 1989, ploughed and milled 
August 14, 1990 flating milled (10 cm) 
November 11, 1989 
0.2 1/ha Flexidor 500 EC on 
November 8, 1989 
small plot sprayer 
Teejet 80004 XR (flat spray pattern) 
50 cm 
50 cm 
2 bar 
300 1/ha 
August 12, 1990 
0.9 
50.9 
41.3 
7.8 
7.4 
1.37-1.85 
these methods were not always described in detail and/or the 
results of soil residue tests were given only as a percentage of 
the initial amount or as a grade scale of the herbicidal damage 
on the test plants. 
Tue principal aims of the present investigation on isoxaben 
were to study the dissipation, mobility and persistence 
behaviour in a wheat culture soil under field conditions, and to 
compare a bioassay method and a chemical analysis based on 
high performance chromatography (HPLC) for the quantifica­
tion of soil residues. 
Materials and Methods 
A field trial was established at the German Federal Biological 
Research Centre for Agriculture and Forestry (BBA) at 
Braunschweig. Isoxaben was applied as Flexidor 500 EC at 0.1 
kg a.i./ha. This provided theoretical initial herbicide/soil ( dry 
weight) concentration of 0.108 µg/g at a soil bulk density of 
1.85 kg/l in the first 5 cm. Descriptions of the experimental 
plot, application method and cultivation techniques are given 
in Table 1. 
Sample collection and preparation 
Soil samplcs wcrc takcn at random frnm cach rcplicatc plut 
using a cylindrical 'lllJMAX' soil-samplcr (50 mm i.d.) in 
PYC-cartridgcs al random positions. Each core was scctioned 
with a knife from the surface downwards to obtain segments of 
0-5. 5-10, 0-10, 10-20 and 20-30 cm. For the bioassays, a
mixed sample was made, whereas for the chemical analysis,
thc samples were taken and analysed scparately (from each
rcplicalc plot). Thc stlil samplcs wcrc partially air dricd in a
grc'cnhousc lo a workablc condition wh.:n ncccssary, scrcc'ncd
through a 2.5 mm mesh sieve, blended, and stored in plastic
bags at -20 °C until analysed.
Bioassay method 
Thc bioassay was carricd out, with ,light modifications. 
according to Staldcr and Pcslemcr ( 1980). using turnips ( Bras-
sica rapa var. rapifera) as test plants in self-watering pots 
containing 70 g (oven dry weight basis) of soil. A hydroponic 
fertilizer, Flory-9 (Euflor GmbH, Munich, Germany), was 
used as nutrient solution (1 g/1), If the concentration of 
isoxaben residues in a soil sample was estimated to be high, a 
series of dilutions were formed by mixing portions of the test 
soil with untreated soil. 
To determine the proportion of isoxaben available to the 
plants, additionally quartz sand (S-40, as nonadsorbing sub­
strate) was used (70 ml/pot). Tue availability was calculated by 
comparison of ED50-values in quartz sand and in the field soil 
samples. 
The bioassays were carried out at several times between 
August and November. Tue pots were placed in a randomized 
design in a greenhouse with a temperature of 20-25 °C during 
the day and 14--l6 °C at night. Artificial light was used to 
provide a growth period of 16 h/day. After 10-11 days the 
plants were harvested, and the shoot fresh weights were 
recorded. 
Tue results were evaluated by adaptation of logistic S-curves 
on the plant fresh weight data using a computer programm 
(GüNTHER et. al., 1989), and, as comparison by the probit 
transformation method (NYFFELER et aL, 1982; PESTEMER, 
1983). 
Chemical analytical method 
To each soil subsample of 5Üg (dry weight) demineralized 
water (to obtain 10 ml total water content) and methanol were 
added in an Erlenmeyer flask. The samples were placed on a 
wrist-action shaker and agitated at a rate of 230 rpm for 60 
min. The samples were allowed to stand until the soil had 
settled and then were filtered. A 50 ml aliquot of this solution 
was extracted with three 30 ml portions of dichloromethane in 
a separatory funnel stirring for 2-3 min. The organic phases 
were vacuum filtered through a funnel with a glass frit covered 
with sodium sulfate, The combined filtrate was evaporated to 
dryness with a vacuum pump in a water bath at 37 °C. The 
residues were redissolved in 2 ml of a solution of methanol 
containing chloroxuron (100 ng/20 �tl) as internal standard. 
The determination was made by high performance liquid 
chromatography (HPLC) with a Nucleosil 120-10 CT 18 col­
umn (mesh size 10 µm, 250 mm X 4 mm i. d.). The elution 
solvent was methanol:water (7 + 3 by volume) flowing at 
1.3 ml/min. Isoxaben residues were determined using an u. v. 
detector at 254 nm with 20 µl injections. 
The performance of the method was proofed by analysing 
check samples at fortification levels ranging from 0.025 to 0.5 
mg/kg. Tue average recovery was 88, 1 % . Tue response of the 
u. v. detcctor ro standard sohninns of 6.25. 12.5, 25, 50 and 
125 ng a. i./20 1d) was linear (r = 0.999). Thc dctcction limit of 
thc mcthod was 0.04 1tg isoxabcn/ml soil.
Results and discussion 
The rcsults of this investigation are summarizecl in Table 2 and 
rigurc l. 
Comparison of measured concentrations 
The comparison of the isoxaben concentrations cletermined by 
the bioassay method and the chemical analytical methocl 
showcd a good corrclalion. Thc rcsiducs of thc compound 
dctcrmincd hy instrumental tcchniqucs and ()f t hc phytotoxic 
rcsiducs dctcrmincd by hioassay showcd a vcry similar soil 
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Fig. 1. Loss of isoxaben under field conditions (8. lL 1989-24. 10. 1990) measured by different methods (bioassay, 0-5 cm soil depth and HPLC, 0-5 and 5-10 cm soil depths). 
dissipation picture (Fig. l). This type of correlation indicates 
that the bioassay method is sensitive enough to determine 
residue concentrations which are at the limit of detection of 
the chemical method. 
It is interesting to note that by using the bioassay method 
the values were always slightly higher for the upper 0-5 cm 
layer ofthe soilprofile (Fig. 1 and Tab: 2). Howeve:r, for the 
lower soil Iayers (5-10 cm) the values calculated by usin.g the 
bioassay method were always slightly lower than those of the 
chemical method (Tab. 2). Furthermore, the results of the 
bioassay method, calculated by adaptation of logistic S.-curves 
(Logfit, GÜNTHER et al., 1989) were always slightly higher 
than those obtained by the Probit analysis rnethod (Fig. l, 
Tab. 2). 
Tab. 2. Comparison of isoxaben concentrations {ftg/ml dry weight) as determined by chemical and bioassay analysis of soil samples from a wheat culture (n = 4) 
Date (DAA) Soil depth Chein. analy. Bioassay analysis 
9. 11. 89 (1) 
L'i. 11. 89 (7) 15. 3. 90 ( 127)
9. 4. 90 (151)
15. 5. 90 (188)
15. 8. 90 (280)
12. <J. 90 ( _sli'J J 
24. 10. 90 (351)
(cm) (HPLC) Logfit Probit 
0-5 0.16±0.01 0.25±0.02 0.20 0-5 0.15±0.02 0.17 + 0.02 0.15 
05 11.14 c'__ ().04 0.22 + 11.02 0.15 5-IO (J.():l 0.03 :i:<IJ.tll o.m 0-5 0.13±0.02 0.20 ± 0.02 0.20 5-10 0.05 ± 0.01 0.03±<0.01 0.03 0-5 0.11 ± 0.01 0.16± 0.02 0.15 5-10 0.04 ± 0.01 0.03±<0.01 0.04 0-5 0.05 ± 0.02 0.10± 0.01 0.08 5-10 n. d. 0.02 _ 0.01 10 .. 30 n. a.()-10 IL d. 11. d. <0.03 l0-20 n. a. 11. d. Il. d. 20-30 11. a. Il. d. n. d.0-10 11. d. n. d. 11. d.10-20 11. d. n. d. n. d.20-30 11. d. n. d. Il. d.
(DAA) = day, :1ftn applicatio11 n. a. :-::: not analysedn. d. = not dcte.ctable
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Comparii;on of sensitivity 
The bioassa)"method described here showed a slightly higher 
sensitivity ( det Jim 0.01 �tg/ml with Logit and 0.03 �tg/ml with 
Probit) compared with the chemical method (0.04 �tg/ml). 
In these types of experiments the parent compound is 
specifically determined with the chemical method. The bio­
assay method, however, determines all phytotoxic, biologi­
cally active compounds. The relative good correlation indi­
cates that any soil metabolites of isoxaben (CABANNE et al., 
1987) are not significant to the herbicidal activity. 
The results described in this paper have demonstrated that 
Brassica rapa L. var. rapifera can be successfully used as an 
indicator plant in bioassays to detect, isoxaben soil residues 
with adequate precision. 
Dissipation, mobility and persistence of isoxaben 
The persistence of isoxaben residues, determined by using the 
HPLC analytical method, in the 0-5 cm and 5-10 cm soil 
layers is shown in Table 2 and Figure 1. The residue values in 
the upper 0-5 cm layer decreased very slowly and remained 
nearly constant during the first 5-6 rnonths. In the 5-10 cm 
layer the residue values of isoxaben were always nearly at the 
detection limit of the method, and did not show significant 
changes over the interval of the trial. The data obtained in this 
investigation indicate a soil DT-50 (disappearance time of 
50 % ) of approxirnately 9 rnonths, with residues below the 
detection lirnits (0.04 and 0.01 µg/ml soil dry weight) at the 
end of the experirnent ll,5 months after treatrnent. In con­
trast, other authors have reported a soil half-life around or 
under 6 months (CoLBERT and FoRD, 1987; W1NKLER and 
HuGGENBERGER, 1986; HuGGENBERGER and RYAN, 1985; 
WALHER, 1987; MOLLE and K1ss1NG, 1984; DELEU et al., 
1987). This difference is probably a result of the dry weather 
conditions during this trial (little precipitation) and soil type 
factors which determine the adsorption-desorption dynamics 
of this substance (GuEGUEN, 1987; JAi,mT, 1987; JArvIET and 
THOISY-DuR, 1987 and 1988; THOISY-DuR et al., 1987; 
WALKER, 1987). 
Due to the high biological activity, sufficient residues of 
isoxaben may remain available to affect susceptible crops such 
as rapeseed under conditions of minimal cultivation or direct 
drilling. To avoid potential damage it is recomrnended to 
mouldboard plough to at least 20-25 cm before seeding sus­
ceptible following crops (GuEGUEN, 1987; HuGGENBERGER 
and RYAN, 1985). Isoxaben residues showed a relatively weak 
rnobility through the soil profile. Our da.ta demonstrate that 
rnost isoxaben residues remain in the upper 5 cm .. This obser­
vation is in agreement with those reported by HuGGENBERGER 
and R,w (1985), \Vr
c
:KT.ER and Htrr.r.r:NnERGER (1986). C'or.­
BI 1n am! Foim ( l 9S7), D1°1u1 et al. ( 1 lJS7), Wi\LKl'R ( 19X7) 
and N1LSSON and ARVlDSON ( 1989) in that the major portion of 
isoxaben remains in the upper soil profile layer. No residues of 
isoxaben were detected in the 10-20 cm layers, neithcr here 
nor by other authors (DELEU et al.. 1987; N1LssoN and 
f\R\'IDSSON, 1989; WALKER, 1987). 
Isoxahcn leachcs less than othcT hcrbicidcs such as 
eh lo rotol uron, a t ra;i nc, mc tsul ru rrn1-111ct h yl, ac I o 11 i lcn, 
orbencarb and imazaquin (JAMET and THOISY-DuR. 1988; 
RrcHARDSON and \VEsT, 1984), and remains at the top of the 
soil profile, available in the zone where weeds germinatc. In 
this sense, isoxaben does not show a potential environmental 
hazard duc to lcaching toward grounclwater, dcspitc thc 111()(1-
cratc In long pcrsis!c'nce behaviour uf its rcsiducs dc'll1l>n­
stratcd in this invcstigation. 
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